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(54) Method and apparatus for decoding transport format combination indicator, mobile station, 
base station and mobile communication system therefore 



(57) Control information, which is transmitted 
through a circuit different from the one used for the 
transmission of a plurality of pieces of information to be 
multiplexed, is analyzed. When the analysis results in a 
determined intra-TTI data length of information having 
longer Transmission Time Interval, it is determined 



whether a range of values that TFCI may take is limited 
or not. If the determination provides a positive result, the 
intra-TTI data length of information having a longest 
Transmission Time Interval which has been determined 
by the latest TFCI decoding is used as a base for limiting 
TFCI candidates to be decoded next, so as to decode 
the TFCI. 
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Description 

[0001] This Invention relates to a method and an ap- 
paratus for decoding a Transport Format Combination 
Indicator (TFCI) inserted into a radio frame, in a mobile 
communications system using a Wideband-Code Divi- 
sion Multiple Access (hereinafter referred to as W-CD- 
MA) system. 

[0002] The present Invention also relates to a mobile 
station apparatus and a base station apparatus, which 
Include the above decoding method and the above de- 
coding. 

[0003] The present Invention further relates to a meth- 
od which is used for multiplexing information in mobile 
communications and which is suitable for the above de- 
coding method. 

[0004] One method used in current mobile communi- 
cations field Is a method of multiplexing different pieces 
of information such as audio and packet having different 
qualities of service (hereinafter referred to as QoS) into 
a same radio frame and then transporting the frame 
through a radio circuit. One of such methods is known 
as a W-CDMA method being studied by a Third Gener- 
ation Partnership Project (hereinafter referred to as 
3GPP). 

[0005] Fig. 9 shows an exemplary state of a plurality 
of pieces of Information being multiplexed In accordance 
with the W-GDMA method. As shown In Fig. 9, one radio 
frame has a length of 10 milliseconds (hereinafter re- 
ferred to as msec) and may multiplex a plurality of pieces 
of information in each radio frame. 
[0006] The W-CDMA method used in Fig. 9 may se- 
lect and set a Transmission Time Interval (hereinafter 
referred to as TTI and which represents the shortest 
time length during which data may be decoded) for each 
of a plurality of pieces of Information to be multiplexed, 
out of predetermined four kinds of TTIs. The four kinds 
of TTIs to be selected include 10 msec, 20msec, 
40msec and 80 msec. In a case of Fig. 9. information A 
has a TTI of 10 msec, Information B has a TTI of 20 
msec, and information C has a TTI of 10 msec. 
[0007] In addition, the number of data within the TTI 
of each information (hereinafter, the number of data 
within the TTI is referred to as intra-TTI data length) may 
be arbitrarily selected. In other words, the W-CDMA 
method allows having different intra-TTI data lengths of 
a plurality of pieces of information to be multiplexed, 
even within a same type of radio frames. This allows 
pieces of information having different QoSs to be multi- 
plexed and transported. 

[0008] As described above, the W-CDMA method al- 
lows the pieces of Information having different intra-TTI 
data lengths to be multiplexed and transported, so that 
information regarding the intra-TTI data length of each 
of the pieces of Information to be multiplexed needs to 
be transmitted to a receiving side. Thus, in the W-CDMA 
method, a Transport Format Combination Indicator 
(hereinafter referred to as TFCI) Is used as information 



indicating a combination of intra-TTI data lengths of the 
plurality of pieces of information to be multiplexed so as 
to be inserted in the radio frame as shown in Fig. 10 and 
transported. 

5 {0009] In other words, as shown in Fig. 10, one frame 
Is composed of fifteen slots, and each of the slots has 
the plurality of pieces of information to be multiplexed 
and TFCI inserted therein. 

[0010] The TFCI Indicates the intra-TTI data length of 
10 each piece of information by a value of a transport for- 
mat of each piece of Information (normally the number 
of the transport format). A value of the TFCI is deter- 
mined with regard to a combination of values of trans- 
port formats of the plurality of pieces of information to 
'5 be multiplexed. 

[001 1] For example, Fig. 1 1 shows a case where two 
pieces of Information having different QoS{i.e., informa- 
tion 1 and Information 2) are multiplexed, and an exem- 
plary mapping table showing a correspondence be- 

20 tween a value of the Transport Format (hereinafter re- 
ferred to as TF value), which represents the intra-TTI 
data lengths of the information 1 and the information 2, 
and TFCI values. TF1 and TF2 represent TF values of 
the information 1 and the information 2, respectively. In 

25 Fig. 11 , TF1 shows that the information 1 has sixty-four 
kinds of intra-TTI data lengths, and TF2 shows that the 
information 2 has four kinds of intra-TTI data length. 
[0012] In addition to the use of the TFCI, details of the 
intra-TTI data length of the TF values TF1 and TF2 of 

30 each piece of information and a mapping table as shown 
in Fig. 11 are notified through a control channel to the 
receiving side. Fig. 12 shows an exemplary table show- 
ing a correspondence between the TF value of each 
piece of information and the intra-TTI data length thereof 

35 in a case of the TF values TF1 and TF2 of the Informa- 
tion 1 and the information 2 and the intra-TTI data 
lengths. 

[0013] From the description above, the W-CDMA 
method allows the receiving side to extract the TFCI out 

40 of the received data, thereby allowing a TFCI decoder 
to decode the extracted TFCI to obtain the TFCI value. 
As a result, the TF value of each piece of Information is 
calculated based on the table showing the correspond- 
ence between TFCIs which have been previously ac- 

45 quired through the control channel and the TF values. 
Then, the table showing the correspondence between 
the TF value of each piece of information and the in- 
tra-TTI data length is used to calculate the intra-TTI data 
length corresponding to the calculated TF value of each 

50 piece of information. Finally, received multiplexed data 
Is divided into the information 1 and the information 2, 
thereby allowing respective data to be decoded. 
[0014] The W-CDMA method represents the TFCI as 
information of 10 bits and has 1024 combinations of TF 

55 values for the plurality of pieces of information to be mul- 
tiplexed. When the number of combinations of TF values 
for the plurality of pieces of information to be multiplexed 
may be expressed by 10 bits of less, the TFCIs of the 
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0 A value is selected which may be a candidate 
for high-order four bits (ag.ag.ay.ae) of the TFCI cor- 
responding to the mask codes Mj g. When the TFCI 
may take values ranging from 0 to 255, for instance, 
5 the value of the TFCI may be expressed by 8 bits 

and thus 2 bits ag and ag from the most significant 
bit of 10 bits of the TFCI is "0". In this case, ay and 
ag may take "0" or "1 " and thus, there are four pat- 
terns of high-order four bits of the TFCI. 

10 

(D An expression (2) shown in Fig. 13 is used to 
obtain a value of EX. If the result shows the value 
EX="1 a plus or minus sign of "Ri" is inverted and, 
if the result shows the value EX="0", "Ri" is left as 
^5 it is. This processing is performed for all of the val- 
ues of "Ri" where 1=0,1, ...,31 . 



3 

pieces of information are made to have 1 0 bits by insert- 
ing "0" into the most significant bit (MSB) side of the TF- 
CI. 

[0015] In addition, the TFCI is encoded at a sending 
side for the purpose of error correction. How to encode 
TFCI bits in accordance with 3GPP standards will be 
described as follows. 

[0016] When information of 10 bits of the TFCI to be 
inputted into an encoder are assumed to be ag,a3,a7,ag, 
35'^4i33i32>^i ^ (wherein ag is the MSB and Bq is 
a least significant bit (LSB)), a code word bi(i=0, ...,31 ) 
included in an output from the encoder is calculated 
through an expression (1) shown in Fig. 13. In the ex- 
pression (1), represents a coefficient acquired 
through the table shown in Fig. 14. 
[0017] According to the 3GPP standards, the TFCI 
stored in one radio frame shown in Fig. 9 has a field of 
30 bits. Thus, the code word bi of 32 bits is subject to a 
puncture processing to delete b^o and b^^, thereby ob- 
taining 30 bits. Thereafter, the field of 30 bits is inserted 
into a TFCI field of the radio frame shown in Fig. 9. Sub- 
sequently, data of the radio frame shown in Fig. 9 is sub- 
ject to a QPSK modulation and further subject to a spec- 
trum diffusion modulation, to then transport the data. 
[001 8] The data in the radio frame as described above 
is received by a base station or a mobile station (e.g., 
mobile terminal). Then, the received data is subject to 
an extraction to extract a TFCI code word from the TFCI 
field, thereby decoding the extracted TFCI code word 
as described in the following. Thereafter, the TFCI value 
of the decoded TFCI code word is checked in order to 
detect the correspondence between each of the plurality 
of pieces of information being multiplexed and the in- 
tra-TTI data length by referring to the table which has 
been previously sent from the control channel. The de- 
tected correspondence is used as a base for dividing 
the plurality of pieces of information being multiplexed, 
to then decode the plurality of pieces of information. 
[0019] Fig. 1 5 shows an example of a configuration of 
a decoding section of TFCI code word. A received signal 
is subject to an inverse diffusion to collect TFCI code 
words inserted in the radio frame, then inputting the col- 
lected TFCI code words into a de-puncture processing 
section 1 . The de-puncture processing section 1 inserts 
two "0"s into the last part of the inputted 30 bits of TFCI 
code word, thereby obtaining 32 bits of TFCI code word. 
The TFCI code word which has been inserted with 2 bits 
of •^O" is represented as Ri(where i=0, 1, ...,31). 
[0020] The TFCI code word Ri of 32 bits is supplied 
to a de-masking processing section 2. The de-masking 
processing section 2 performs a de-masking processing 
that corresponds to the one using M| g to M, g of the 
above described coefficients Mj ^ shown in Fig. 14. In 
other words, the coefficients Mj g to Mj g among the co- 
efficients M) n are mask codes and are used by the de- 
masking processing section 2 for removing a mask. The 
specific de-masking processing will be performed ac- 
cording to the following procedures of ® and ® . 



[0021] Next, the data which has been de-masked by 
the de-masking processing section 2 is subject to a fast 

20 Hadamard transformation (FHT) by a fast Hadamard 
transformation section 3 to obtain a correlation value. 
The fast Hadamard transformation is a calculation meth- 
od of efficiently performing a multiplication of the de- 
masked data and a Hadamard matrix. 

25 [0022] The above processing according to the proce- 
dures of 0 and® is performed to all possible patterns 
of candidates of high-order four bits of the TFCI (ag.ag, 
ay.ag). In the case of the above-described Fig. 1 1 where 
the TFCI may take the values ranging from 0 to 225, the 

30 candidates of bits ag.ag.ay.ag may take four patterns as 
described above and thus, the de-masking processing 
and the fast Hadamard transformation processing are 
repeated total of four times. In a case where the TFCI 
value is 512 or more and all of 10 bits of the TFCI is 

35 used, the candidates of bits ag,a8, a7,ag may take 1 6 pat- 
terns and thus, the de-masking processing and the fast 
Hadamard transformation processing are repeated total 
of 1 6 times, 

[0023] All of the results of repeating the de-masking 
40 processing and the fast Hadamard transformation 
processing a plurality of times are supplied to a correla- 
tion computation section 4. This correlation computation 
section 4 compares absolute values of all correlation 
values acquired through the above-described plurality 
^5 of outputs by the fast Hadamard transformation section 
4 to detect a maximum value of the absolute values, 
thereby obtaining a TFCI value which has been trans- 
mitted. 

[0024] With regard to the TFCI value thus obtained, 
50 the mapping table as shown in Fig. 11 which has been 
previously sent by the control channel and the table 
shown in Fig. 12 are referred as described above to find 
the intra-TTI data length of the information being multi- 
plexed, thereby dividing the multiplexed data into each 
55 piece of information for decoding. 

[0025] It is noted that each of the processing sections 
shown in Fig. 15 may be separately configured as an 
independent hardware, or a part or the entirety of the 
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processing sections shown in Fig. 1 5 may be configured 
as a Digital Signal Processor (DSP). 
[0026] As described above, the conventional decod- 
ing of the TFCI according to the W-CDMA method has 
required the de-masking processing and the fast Had- 5 
amard transformation processing to be repeated for all 
possible patterns of the candidates of TFCI high-order 
four bits (a9,a8,a7,a6). The repeated number of process- 
ing caused extended time of a decoding processing of 
the TFCI and an increased amount of power consump- io 
tion. 

[0027] A case will be considered, for example, where 
the information 1 and the information 2 having different 
QoSs are multiplexed and transported wherein the in- 
formation 1 is assumed to have the Transmission Time is 
Interval TTI of 10 msec and the information 2 is also as- 
sumed to have the TTI of 20 msec, for instance. In such 
case, the Information 1 and the information 2 superim- 
posed on radio frames are as shown in Fig. 16, so that 
the TF value TF1 of the information 1 may change every 20 
10 msec whereas the TF value TF2 of the information 2 
does not change during the period of 20 msec. 
[0028] In a conventional decoding system, the encod- 
ed data of the TFCI being inserted into a TFCI field of 
the radio frame is collected to independently decode the 25 
obtained data of the TFCI. In the case of the decoding 
as shown in Fig. 16, TFCIs of the information 1 and the 
information 2 are independently decoded every 10 
msec. Thus, even the information 2 having a single val- 
ue of the TF value TF2 needs to be subject to a calcu- 30 
lation for obtaining the IF value TF2 in the middle of the 
period of TTI of 20 msec, resulting in a problem where 
the decoding processing time and power consumption 
are wasted. 

[0029] In view of the above problems, there is a need 35 
for allowing a decoding process of TFCI to reduce the 
waste of decoding processing time and power con- 
sumption and, in other words, to realize a reduced time 
as well as a reduced power consumption for decoding 
the TFCI. 40 
[0030] Various respective aspects and features of the 
invention are defined in the appended claims. Features 
from the dependent claims may be combined with fea- 
tures of the independent claims as appropriate and not 
merely as explicitly set out in the claims. 45 
[0031] In order to solve or at least alleviate the above 
problems, when the present invention according to one 
preferred mode is applied to the above-described W-CD- 
MA method according to the 3GPP standards, a method 
of multiplexing information in mobile communications is so 
provided. In other words, in the mobile communications 
performed such that a plurality of pieces of information 
are multiplexed into a same radio frame to transport the 
multiplexed plurality of pieces of information through a 
radio circuit, wherein a Transport Format Combination ss 
Indicator (TFCI) indicating a combination of the number 
of data within Transmission Time Interval (TTI) (herein- 
after, the number of data within Transmission Time In- 



terval Is referred to as intra-TTI data length) for each of 
the plurality of pieces of information is inserted into each 
radio frame and is transported, and wherein for the plu- 
rality of pieces of information, the Transmission Time In- 
tervals which are the shortest time lengths during which 
data may be decoded are selected from a plurality of 
predetermined combinations of Transmission Time In- 
tervals, the method comprises the step of selecting and 
transporting the TFCI such that a change in the number 
of data within the Transmission Time Interval of informa- 
tion for which the Transmission Time Intervals is longer 
corresponds to a change of high-order bits of the TFCI. 
[0032] In a case where information 1 having 10 msec 
of Transmission Time Interval and information 2 having 
20 msec of Transmission Time Interval are multiplexed, 
for instance, the intra-TTI data length of the information 
2 has a determined value that does not change within 
the period of 20 msec. 

[0033] According to a preferred embodiment of the 
present invention having the above-described configu- 
ration, when the intra-TTI data length of Information hav- 
ing longer Transmission Time Interval is determined, a 
range of values that a TFCI value may take is limited. 
Thus, the number of patterns having candidates for TF- 
CI high-order four bits (ag,a8,a7,a6) having a relation 
with a mask code may take is reduced, thereby allowing 
a proportional reduction in the number of the de-mask- 
ing processing and the fast Hadamard transformation 
processing. 

[0034] When another preferred embodiment of the 
present invention is applied to the W-CDMA method ac- 
cording to the 3GPP standards, a method of decoding 
Transport Format Combination Indicator (TFCI) Is pro- 
vided. In other words, in a method of decoding the TFCI 
in mobile communications performed such that a plural- 
ity of pieces of information are multiplexed into a same 
radio frame to transport the multiplexed plurality of piec- 
es of information through a radio circuit, wherein the TF- 
CI indicating a combination of the number of data within 
Transmission Time Interval for each of the plurality of 
pieces of information is inserted into each radio frame 
and is transported, and wherein for the plurality of pieces 
of information, the Transmission Time Intervals which 
are the shortest time lengths during which data may be 
decoded are selected from a plurality of predetermined 
combinations of Transmission Time Interval, the method 
comprises a control Information reception step for re- 
ceiving control information indicating a relation among 
the Transmission Time Interval for each of the plurality 
of pieces of Information, the TFCI and the number of 
data within the Transmission Time Inten^al with regard 
to the plurality of pieces of information, wherein the 
Transmission Time Interval is transmitted through a cir- 
cuit different from the one used for transmission of the 
plurality of pieces of information, a determination step 
for analyzing the control information received in the con- 
trol information reception step to determine whether a 
change In the number of data within the Transmission 
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Time Interval of information for which the Transmission 
Time Interval is longer corresponds to a change in high- 
order bits of the TFCI, a standard decoding step for per- 
forming a normal decoding method where, when the de- 
termination step results In a negative determination re- 
sult, the TFCI Inserted into the radio frame is independ- 
ently decoded for each of the Transmission Time Inter- 
vals of the plurality of pieces of information, and a high- 
speed decoding step for decoding, when the determina- 
tion step results in a positive determination result, the 
number of data within the Transmission Time Interval of 
information having a longest Transmission Time Interval 
which is determined by the latest decoding of the TFCI 
is used as a base for limiting candidates of the TFCIs to 
be decoded next, thereby decoding the TFCIs. 
[0035] According to another preferred embodiment of 
the present invention having the above-described con- 
figuration, the intra-TTI data length of information having 
longer Transmission Time Interval which is determined 
by the latest decoding of the TFCI is used as the base 
for limiting the candidates of the TFCIs to be decoded 
next. 

[0036] Thus, the high-speed decoding step is allowed 
to have reduced number of bits which change as a mask 
code when the limitation on TFCI candidates is per- 
formed by high-order four bits of the TFCI (i.e., bits cor- 
responding to the mask code), thereby allowing a reduc- 
tion in the number of the de-masking processing and the 
fast Hadamard transformation processing. 
[0037] Furthermore, the limitation on TFCI candidates 
performed by low-order six bits of TFCI allows the fast 
Hadamard transformation processing to have a reduced 
number of computations, thereby enabling a more high- 
speed TFCI processing. 

[0038] As described above, the present Invention al- 
lows the decoding processing of the TFCI to be per- 
formed with high-speed and thus with lower energy con- 
sumption as compared to the conventional, prior art. 
[0039] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1A and Fig. 1B illustrate an embodiment of a 
method of multiplexing information in mobile com- 
munications according to a preferred embodiment 
of the present invention; 

Fig. 2 A and Fig. 2B illustrate an embodiment of a 
method of multiplexing information in mobile com- 
munications according to a preferred embodiment 
of the present invention; 

Fig. 3 A and Fig. SB illustrate an embodiment of a 
method of multiplexing information in mobile com- 
munications according to a preferred embodiment 
of the present invention; 

Fig. 4 is a block diagram illustrating a configuration 
of a mobile information terminal as one of mobile 
station apparatuses according to a preferred em- 



bodiment of the present invention; 

Fig. 5 is a block diagram illustrating a portion of the 

function of Fig. 4; 

Fig. 6 is a flowchart illustrating a decoding process- 
5 ing of received data by the mobile information ter- 

minal shown in Fig. 4; 

Fig. 7 is a flowchart illustrating a decoding process- 
ing of the received data, including an exemplary TF- 
CI decoding method according to a preferred em- 
10 bodiment of the present invention; 

Fig. 8A and Fig. 8B illustrate another embodiment 
of a method of multiplexing information in mobile 
communications according to a preferred embodi- 
ment of the present invention; 
IS Fig. 9 illustrates the information multiplexed accord- 
ing to a W-CDMA method according to the 3GPP 
standards; 

Fig. 10 illustrates transport data according to the 
W-CDMA method according to the 3GPP stand- 
ee? ards; 

Fig. 11 illustrates an exemplary mapping table 
showing a correspondence between a TFCI and a 
TF value of each piece of information being multi- 
plexed; 

25 Fig. 12 illustrates an exemplary mapping table 
showing the correspondence between the TF value 
of each piece of Information being multiplexed and 
an intra-TTI data length; 

Fig. 1 3 shows expressions used for a description of 
30 a preferred embodiment of the present invention; 

Fig. 14 describes a coefficient M; used for encod- 
ing TFCI; 

Fig. 15 illustrates an exemplary configuration of a 
TFCI decoder; and 
35 Fig. 16 illustrates information being multiplexed ac- 
cording to the W-CDMA method according to the 
3GPP standards. 

[0040] Embodiments of a method of multiplexing in- 
40 formation will be now described as follows. 

[0041] Fig. 1 Illustrates a piece of transport informa- 
tion being multiplexed by the present embodiment. In 
this embodiment, information 1 and information 2 having 
different QoSs are multiplexed and transported 
45 [0042] Fig. 1 (A) illustrates a relation between a frame 
number and the information 1 and 2 on a time scale. In 
this embodiment, the information 1 has a Transmission 
Time Interval (TTI) of 10 msec and the information 2 has 
a TTI of 20 msec, as with the case with Fig. 1 6. These 
50 pieces of information multiplexed may take four different 
TTIs of 10 msec, 20 msec, 40 msec and 80 msec, as 
described above. 

[0043] Fig. 1 (B) illustrates an exemplary mapping ta- 
ble showing a correspondence between TF values TF1 
55 and TF2 of the information 1 and the information 2 in the 
present embodiment and TFCI values. In Fig. 1(B), it is 
assumed that TF1 may take any value among "0" to 
"63". Thus, the information 1 has sixty-four different in- 
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tra-TTI data lengths. It is also assumed that TF2 may 
take any value among "0" to "3". Thus, the information 
2 has four different intra-TTI data lengths. 
[0044] In the present embodiment, a mapping for ob- 
taining the correspondence between the TFCI value and 5 
the TF values TF1 and TF2 is performed such that a 
determined (unchanged) intra-TTI data length of infor- 
mation having a longer TTI provides a limited range of 
TFCI values, as shown in Fig. 1(B) 

[0045] In the example of preferred embodiment of Fig. io 
1(B), all of the TF values TF1 which the information 1 
may take (i.e., -Q" to "63") correspond to the TF values 
TF2 of the information 2, respectively. Thus, the infor- 
mation 2 having the TF value TF2 of "0" corresponds to 
the TFCI values of "0" to "63", the information 2 having is 
the TF value TF2 of "1 " corresponds to the TFCI values 
of "64" to "127", the information 2 having the TF value 
TF2 of "2" corresponds to the TFCI values of "128" to 
"191 ", and the information 2 having the TF value TF2 of 
"3" corresponds to the TFCI values of "192" to "255". 20 

The above correspondence among TF1 and TF2 
and TFCI allows a change of the TF value TF2 of the 
information having longer Transmission Time Interval to 
correspond to a change of high-order bits of the TFCI. 
[0046] The mapping as described above for inserting 25 
the TFCI into a radio frame and for performing data 
transport allows, as described below, a receiving side to 
perform the de-masking processing and the fast Had- 
amard transformation processing less number of times. 
[0047] In the example of preferred embodiment of Fig. so 
1 , the TFCI has values of "0" to "255" and valid bits are 
8 bits. Thus, the number of patterns which candidates 
of high-order four bits of the TFCI (ag,a8,a7,a6) relates 
to a mask code may take when the TFCI is decoded is 
four because bits of Bj and ag are valid bits and bits of 35 
ag and ag are "0". 

[0048] Due to the above reason, the conventional in- 
dependent decoding of the TFCI requires one frame to 
be subject to four times of the de-masking processing 
and four times of the fast Hadamard transformation 4o 
processing, respectively. 

[0049] In contrast, the present embodiment may re- 
duce the number of times of the de-masking processing 
and the fast Hadamard transformation processing by 
the following procedure. 45 
[0050] In other words, the procedure of the present 
embodiment firstly decode the TFCI in a frame number 
"0" as usual to obtain TF values TF1 and TF2 of each 
piece of information 1 and information 2. In the present 
embodiment, there is no difference between the TF val- so 
ue TF1 of the information 1 of the next frame number 
"1 " and the TF value TF2 of the information 2 of the next 
frame number "1 

[0051] This means that in a decoding of the TFCI for 
detecting the TF value of the information 1 in the frame 55 
number "1 ", the TF value TF2 of the information 2 which 
has been already detected and determined (i.e., does 
not change) in the frame number "0" is used to limit the 



range of TFCI values. 

[0052] For instance, a case will be considered where 
the TF2 value which has been detected and determined 
in the frame number "0" is "0". In this case, the range of 
TFCI values is limited to "0" to "63". In this range, TFCI 
high-order four bits (ag,a8.a7,a6) may take only one pat- 
tern of (0,0,0,0) and thus, the de-masking processing 
and the fast Hadamard transformation processing need 
to be performed only one time, respectively. 
[0053] Another case will be considered where the TF2 
value which has been detected and determined in the 
frame number "0" is "1". In this case, the range of TFCI 
values is limited to "64" to "127". In this range, TFCI 
high-order four bits (ag,a8,a7,a6) may take only one pat- 
tern of (0,0,0,1) and thus, the de-masking processing 
and the fast Hadamard transformation processing need 
to be performed only one time, respectively. 
[0054] Still another case will be considered where the 
TF2 value which has been detected and determined in 
the frame number "0" is "2". In this case, the range of 
TFCI values is limited to "128" to "191". In this range, 
TFCI high-order four bits (ag,a8,a7,a6) may take only 
one pattern of (0,0,1,0) and thus, the de-maskIng 
processing and the fast Hadamard transformation 
processing need to be performed only one time, respec- 
tively, 

[0055] Still another case will be considered where the 
TF2 value which has been detected and determined in 
the frame number "0" is "3". In this case, the range of 
TFCI values is limited to "192" to "255". In this range, 
TFCI high-order four bits (ag,a8,a7,a6) may take only 
one pattern of (0,0,1,1) and thus, the de-masking 
processing and the fast Hadamard transformation 
processing need to be performed only onetime, respec- 
tively. 

[0056] As described above, the TFCI value is selected 
in accordance with the above-described embodiment to 
multiplex and transport a plurality of pieces of informa- 
tion, thereby allowing the receiving side to realize a re- 
duced time as well as reduced power consumption for 
decoding the TFCI. 

[0057] In the above preferred embodiment of the 
present invention, the number of repetitions of the de- 
masking processing and the fast Hadamard transforma- 
tion for decoding the TFCI is reduced to realize reduced 
time as well as the reduced power consumption for de- 
coding the TFCI, as described above. 
[0058] However, even in a case where the TFCI value 
is not related to the TFCI high-order four bits (ag,a8,a7, 
a©) corresponding to mask codes Mj g to Mj 9, the map- 
ping of Fig. 1 as described above allows TFCI candi- 
dates to be limited and thus, allows the number of com- 
putations in the fast Hadamard transformation process- 
ing (i.e., the number of addition and subtraction) to be 
reduced, thereby allowing a proportional increase in the 
speed of decoding the TFCI value. 
[0059] The number of computations in the fast Had- 
amard transformation is about 160 in a case of 5 bits of 
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TFCI, about 80 in a case of 4 bits of TFCI, about 48 in 
a case of 3 bits of TFCI, about 36 in a case of 2 bits of 
TFCI, and about 32 in a case of 1 bit of TFCI, for in- 
stance. Thus, performing the mapping as shown in Fig. 
1 limits the TFCI candidates and thus, reduces the 
number of bits of the TFCI candidates, which allows the 
number of computations in the fast Hadamard transfor- 
mation to be reduced, thereby allowing a proportional 
increase in the speed of decoding the TFCI value. The 
number of comparisons of correlation values is also re- 
duced by an amount which is proportional to the above 
reduced number of computations in the fast Hadamard 
transformation thereby also allowing a proportional in- 
crease in speed. 

[0060] In the example of preferred embodiment of Fig. 

1, the number of TF values that the information 1 may 
take is 64 (i.e., the power of 2) and thus, the change of 
the information 2 having longer Transmission Time In- 
terval corresponds to bit segments. Consequently, the 
decoding of the TFCI only requires one time of the de- 
masking processing and one time of the fast Hadamard 
transformation processing, respectively, as described 
above. 

[0061] It is noted, however, that according to the pre- 
farrsd smbcdlrr^ent of the present Invention, the TF val- 
ue that the information 1 having shorter Transmission 
Time Interval may take, does not have necessarily to be 

a power of 2 and, even in this case, the decoding of the 
TFCI is allowed to the have a reduced number of the 
de-masking processing and the fast Hadamard trans- 
formation processing. 

[0062] Fig. 2 illustrates a case where transport infor- 
mation is multiplexed when the TF value that the infor- 
mation 1 having shorter Transmission Time Interval may 
take is a number other than the power of 2. In the ex- 
ample of preferred embodiment of Figs. 2(A) and 2(B), 
the information 1 and the information 2 having Trans- 
mission Time Intervals similar to those shown in Fig. 1 
are multiplexed, as shown in Fig. 2(A). 
[0063] Fig. 2(B) illustrates an exemplary mapping ta- 
ble showing the correspondence between the TF values 
TF1 and TF2 of the information 1 and the information 2 
in the present embodiment and the TFCI values. In the 
example of preferred embodiment of Fig. 2, it is as- 
sumed that TF1 may take any value among "0" to "39". 
Thus, the information 1 has forty different intra-TTI data 
lengths. It is also assumed that TF2 may take any value 
among "0" to "3". Thus, the information 2 has four dif- 
ferent intra-TTI data lengths. 

[0064] In the example of preferred embodiment of Fig . 

2, the TFCI has values of "0" to "1 59" and valid bits are 
8 bits. Thus, the number of patterns that candidates of 
high-order four bits of TFCI (ag,a8,a7,a6) related to the 
mask code may take when the TFCI is decoded is three, 
i.e., (0,0,0,0),(0,0,0,1) and (0,0,1,0). As a result, the 
conventional independent decoding of TFCI requires 
one frame to be subject to three times of the de-masking 
processing and three times of the fast Hadamard trans- 



formation processing, respectively. 
[0065] In contrast, the present embodiment may re- 
duce the number of times of the de-masking processing 
and the fast H adamard transformation processing to two 

5 or less by the following procedure. 

[0066] In other words, the procedure of present em- 
bodiment firstly decode the TFCI in a frame number "0" 
as usual to obtain the TF values TF1 and TF2 of each 
piece of information 1 and information 2. In the present 

10 embodiment, there is no difference between the TF val- 
ue TF1 of the information 1 of the next frame number 
"1 " and the TF value TF2 of the information 2 of the next 
frame number "1". 

[0067] At this event, in the decoding of the TFCI for 

15 detecting the TF value of the information 1 in the frame 
number "1 the TF value TF2 of the information 2 which 
has been already detected and determined in the frame 
number "0" Is used to limit the range of TFCI values. 
[0068] For instance, a case will be considered where 

20 the TF2 value which has been detected and determined 
in the frame number "0" is *'0". In this case, the number 
of TFCI values is limited to "0"to -39". In this range, TFCI 
high-order four bits (ag,a8,a7,ag) may take only one pat- 
tern of (0,0,0,0) and thus, the de-masking processing 

25 and the fast Hadamard transformation processing need 
to be performed only one time, respectively. 
[0069] In addition, another case will be considered 
where the TF2 value which has been detected and de- 
termined in the frame number "0" is "1 In this case, the 

30 range of TFCI values is limited to "40" to "79". In this 
range, TFCI high-order four bits (a9,a8,a7,a6) may take 
only two patterns of (0,0,0,0) and (0,0,0, 1 ) and thus, the 
de-masking processing and the fast Hadamard trans- 
formation processing need to be performed only two 

35 times, respectively. 

[0070] Still another case will be considered where the 
TF2 value which has been detected and determined in 
the frame number "0" is "2". In this case, the range of 
TFCI values is limited to "80" to "1 1 9". In this range, TFCI 

40 high-order four bits (a9,a3,a7,ag) may take only one pat- 
tern of (0,0,0,1) and thus, the de-masking processing 
and the fast Hadamard transformation processing need 
to be performed only one time, respectively. 
[0071 ] Still another case will be considered where the 

45 TF2 value which has been detected and determined in 
the frame number "0" is "3". In this case, the range of 
TFCI values is limited to "120" to "159". In this range, 
TFCI high-order four bits (ag,a3,a7,a5) may take only two 
patterns of (0,0,0,1) and (0,0,1,0) and thus, the de- 

50 masking processing and the fast Hadamard transforma- 
tion processing need to be performed only two times, 
respectively. 

[0072] Although the above preferred embodiments 
describing a case where the number of pieces of infor- 
55 mation multiplexed is two, the present invention is also 
applicable to a case where the number of pieces of in- 
formation multiplexed is three or more. Even in this 
case, the change of the TF value of the information hav- 
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ing longer or longest Transmission Tinne Interval Is 
made to correspond to the change of TFCI high-order 
bits, thereby realizing a reduced time as well as a re- 
duced power consumption of decoding the TFCI. 
[0073] N(N represents an integer of two or more) piec- 5 
es of information are arranged in the order of Transmis- 
sion Time Interval (TTI) starting from a shorter TTI. 
Then, the number of TP values of each of the pieces of 
information is specified as Ko,Ki,...,Kn.i and the TF val- 
ue of each of the pieces of information is specified as io 
TFq, TFi,...,TFjg.^, thereby calculating the TFCI value by 
an expression (3) shown in Fig. 13. It is noted that the 
calculation represented by nK^ in a bracket shown in this 
expression (3) represents the power of K^. 
[0074] Fig. 3 shows an exemplary mapping table is 
showing a correspondence between the TF value and 
the TFCI value in a case where pieces of information to 
be multiplexed are three pieces of information 0, infor- 
mation 1 , and information 2. In this case, the information 
0 has the TTI of 10 msec and ten TF values, the infor- 20 
mation 1 has the TTI of 20 msec and five TF values, and 
the information 2 has the TTI of 20 msec and four TF 
values, for instance. 

[0075] As it may be seen from Fig. 3, when the infor- 
mation 2 having longer TTI has a determined TF value 25 
TF2 or when the information 1 has a determined TF val- 
ue TF1 , the range of TFCI values is limited. For instance, 
when TF2 is "O" and TF1 is "0", the TFCI-values are in 
the range of "0" to "9" and a pattern which TFCI high- 
order four bits (ag.ag.a^.ag) may take is only one pattern 30 
of (0,0,0,0), thereby requiring the de-masking process- 
ing and the fast Hadamard transformation processing to 
be performed only one time, respectively. 
[0076] it is noted as described above that pieces of 
information shown in the tables of Figs. 1 (A) and 1 (B), 35 
Figs. 2(A) and 2(B),and Figs. 3(A) and 3(B) and pieces 
of information to be multiplexed have TTI, respectively. 
Each of these TTIs is transmitted by the control channel 
to the receiving side prior to the data transport. 
[007^ Preferred embodiments of a method and an 40 
apparatus for decoding the TFCI will be now described. 

Before describing an apparatus for decoding the 
TFCI according to a preferred embodiment of the 
present invention, an exemplary configuration of a mo- 
bile phone terminal is shown in Fig. 4 as a mobile station 4S 
apparatus on which the present TFCI decoding appara- 
tus is mounted. 

[0078] A signal received by an antenna 1 1 is supplied 
to a reception section 13 through a duplexer 12. The 
reception section 13 subjects a signal being subject to so 
a spectral diffusion to an inverse spectral diffusion and 
a QPSK demodulation. The data which has been sub- 
ject to a demodulation is supplied to a Digital Signal 
Processor (hereinafter referred to as DSP)15 and de- 
coded as described in detail later. 55 
[0079] Among the decoded data, a control data por- 
tion which has been transmitted through the control 
channel is sent to a control section 1 00. Also among the 



decoded data, an audio signal is supplied from the DSP 
1 5 to a speaker 1 6, thereby being emitted In audio form. 
[0080] In addition, the audio signal coming from a mi- 
crophone 17 is supplied to the DSP 15 and converted 
into a signal which is segmentalized into frames in ac- 
cordance with the above-described format shown in Fig. 
9, thereby being supplied from the DSP 15 to a trans- 
mission section 14. The transmission section subjects 
the signal to a QPSK modulation and a spectrum diffu- 
sion modulation processing to send the signal through 
the duplexer 1 2 to the antenna 1 1 . The control data com- 
ing from the control section 100 is similarly processed 
through the DSP 1 5. thereby being sent through the con- 
trol channel to a base station. 

[0081] The control section 1 00 is composed of a CPU 
and is connected with an operation section 101 , a ROM 
102 having programs therein, a RAM 103 as a working 
area and a display section 104 composed of an LCD. 
[0082] The operation section 101 includes a numeric 
dial key, an on-hook key, an off-hook key, a cursor key 
and the like. The control section 100 switches and con- 
trols, in accordance with the operation of these keys by 
a user, various functions such as reception and trans- 
mission. 

[0083] In the present preferred embodiment, a re- 
ceived data decoding processing section is included In 
the interior of the DSP 1 5. Fig. 5 shows a block diagram 
of a structure of the received data decoding processing 
section, in other words, a processing function of the re- 
ceived data decoding processing section. 
[0084] The received data decoding processing sec- 
tion shown in the example of preferred embodiment of 
Fig. 5 is composed of a data/TFCI separation section 
21 for separating the received signal into data and the 
TFCI, a data decoding section 22 for receiving the data 
from the data/TFCI separation section 21 to subject the 
data to a decod processing, a TFCI decoding section 23 
for receiving the TFCI from the data/TFCI separation 
section 21 to subject the TFCI to decoding, an error de- 
tection section 24 for detecting an error in the data which 
has been decoded by the data decoding section 22 and 
a control section 25 for controlling the TFCI decoding 
section 23. 

[0085] The data/TFCI separation section 21 sepa- 
rates the received data into a data part and a TFCI part, 
thereby supplying the data part to the data decoding 
section 22 and supplying the TFCI part to the TFCI de- 
coding section 23. 

[0086] Each piece of information is decoded by the 
data decoding section 22 based on an intra-TTI data 
length value of each of a plurality of pieces of information 
to be multiplexed which have been sent from the TFCI 
decoding section 23 and a value of the Transmission 
Time Interval. The decoded piece of Information is sup- 
plied by the data decoding section 22 to the error detec- 
tion section 24. 

[0087] The data sent from the data decoding section 
22 is subject to error detection by the error detection 
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15 

section 24, and a result thereof is notified to the control 
section 25. When no error is detected in the data, the 
data is outputted. 

[0088] The control section 25 analyzes the control in- 
formation which is sent prior to the multiplexed data and 
which is sent through the control channel to detect the 
Transmission Time Interval of each of the plurality of 
pieces of information to be multiplexed, thereby notify- 
ing the result to the TFCI decoding section 23. At the 
same time, the control section 25 also detects pieces of 
information in the table showing the correspondence be- 
tween the TFCI values from the control information and 
the TP value of each piece of information and, pieces of 
information in another table showing the correspond- 
ence between the TF value and the intra-TTI data length 
of each piece of information. As a result, the control sec- 
tion 25 sends, to the TFCI decoding section 23, infor- 
mation and/or a control signal needed for decoding the 
TFCI, thereby controlling the operation for decoding the 
TFCI. 

[0089] In addition, the control section 25 also receives 
the result of the error detection by the error detection 
section 24 to determine whether the TFCI value ac- 
quired through the TFCI decoding section 23 is correct 
cr not. When the error detection section 24 detects no 
error in the data, the control section 25 controls the TFCI 
decoding section 23 such that the TFCI value decoded 
by the TFCI decoding section 23 is used as a deter- 
mined value. 

[0090] The TFCI decoding section 23, which is being 
controlled by the control section 25 as described above, 
decodes the TFCI to obtain the TF value of each piece 
of information and to obtain the intra-TTI data length of 
each piece of information, thereby transmitting the ob- 
tained results and the information for the Transmission 
Time Interval to the data decoding section 22 for data 
decoding. 

[0091] Next, an operation of the received data decod- 
ing processing section shown in Fig. 5 will be described 
with reference to the flowcharts shown in Figs. 6 and 7. 
[0092] First, the received data decoding processing 
section receives control information sent through the 
control channel, in Step SI 01 . The received control in- 
formation includes information regarding the mapping 
table showing the correspondences between TFCIs and 
TF values of the plurality of pieces of information, infor- 
mation regarding the mapping table showing the corre- 
spondence between the TF value and the Intra-TTI data 
length of each of the plurality of pieces of information 
and information regarding the Transmission Time Inter- 
val of each of the plurality of pieces of information. 
[0093] Next, the received data decoding processing 
section analyzes the received control information, in 
Step S102. In this analysis, the received data decoding 
processing section detects the Transmission Time Inter- 
val of each of the plurality of pieces of information to be 
multiplexed which have been transported and also de- 
tects the information regarding the table showing the 



correspondence between the TFCI value and a TF value 
of each piece of information and information regarding 
the table showing the correspondence between the TF 
value and the intra-TTI data length of each piece of in- 
5 formation, thereby detecting the number of valid bits of 
the TFCI and/or the details of a mapping between TFCIs 
and TF values of the plurality of pieces of information 
multiplexed. 

[0094] Then, the control section 25 determines 
10 whether the number of valid bits of the TFCI is equal to 
or greater than 7 bits associated with the mask code, in 
Step S103. When the number of valid bits of the TFCI 
Is equal to or greater than 7 bits and is not associated 
with the mask code as described above, the number of 
'5 patterns which the TFCI may take when the TFCI is de- 
coded as a candidate of high-order four bits (ag.agiay, 
ag) as the mask code is only one pattern of (0,0,0,0). 
Thus, the conventional standard decoding processing 
is performed, in Step SI 07. This standard decoding 
20 processing is performed until the data reception is fin- 
ished and, when the data reception is determined to be 
finished, in Step S108, the reception decoding process- 
ing routine is finished. 

[0095] In addition, when it is determined in Step 103 
25 that the number of valid bits of the TFCI is equal to or 
greater than 7 bits, on the other hand, the analysis result 
obtained in Step SI 02 is used as a base for determining 
whether the TFCI is prepared by mappings as shown in 
the preferred embodiments of Fig. 1, Fig. 2 and Fig. 3 
30 and the number through which the de-masking process- 
ing and the fast Hadamard transformation are repeated 
is reduced to allow a high-speed decoding or not, in Step 
SI 04, as described above. 

[0096] The determination step of Step SI 04 is not 

35 necessary if a sending side having the TFCI valid bits 
equal to or greater than 7 bits is always involved with a 
mapping of the TFCI for enabling the high-speed decod- 
ing of the TFCI as described above. 
[0097] When Step SI 04 results in the details of the 

^0 mapping which are inappropriate for the high-speed de- 
coding of TFCI, the processing proceeds to Step SI 07 
where the conventional standard decoding processing 
is performed as described above. 
[0098] When Step S104 results in the details of the 

45 mapping which are appropriate for the high-speed de- 
coding of the TFCI, on the other hand, a determined TF 
value of information having the longer Transmission 
Time Interval as described above is used to limit the 
range of values which the TFCI may take, thereby re- 

50 ducing the number of the repetition of the de-masking 
processing and the fast Hadamard transformation 
processing and performing the high-speed decoding 
processing of the TFCI, in Step S1 05. 
[0099] In addition, this high-speed decoding process- 

55 ing is performed until data reception is finished and, 
when the data reception is determined to be finished, in 
Step SI 06, this reception decoding processing routine 
is finished. 
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[01 00] Next, an operation of the high-speed decoding 
processing of Step SI 05 will be described with refer- 
ence to the flowchart shown in Fig. 7. The following de- 
scription of the present specification assumes that two 
pieces of Information (i.e., information 1 and2) asshown 5 
in Fig. 1 are multiplexed, for instance. 
[0101] First, TFCI candidates are initialized. In the 
case of Fig. 1 (B), for Instance, the TFCI candidates are 
initialized on the assumption that the TFCI values range 
from "0" to "255", in Step S201 . Next, information being io 
multiplexed and the TFCI are received , in Step S202. 
Then, the TFCI decoding section 23 uses information 
regarding the TFCI candidates from the control section 
25 to decode the TFCI, in Step S203. For the first frame, 
the TFCI candidates range from "0" to *'255". For the ^5 
other frames, the TFCI candidates may be more limited 
as described later. 

[0102] Next, the data decoding section 22 uses the 
result of decoding the TFCI to decode terminated infor- 
mation, in Step S204. Herein, the wording terminated 20 
information" indicates a situation in which ail Transmis- 
sion Time Intervals related to each of the pieces of in- 
formation up to the last one have been received. In the 
case of the preferred embodiment of Fig. 1 where the 
data decoding processing of Step S204 is performed, 25 
the information 1 in even-numbered frames (including 
the 0 (zero) frame) is decoded and the information 2 In 
odd-numbered frames is decoded. 
[0103] Next, it is determined whether the result of the 
error detection by the error detection section 24 showed 3o 
an error or not or whether all of the information being 
multiplexed has been terminated or not, in Step S205. 
When an error is determined to exist or all of the Infor- 
mation being multiplexed is determined to be terminat- 
ed, the TFCI candidates are initialized, in Step S206. 35 
[01 04] In addition, if Step S205 determined that there 
is no error or a portion of the information being multi- 
plexed has not yet terminated, a determined TF value 
of the non terminated information is used as a base to 
limitthe TFCI candidates (i.e., to limit the range of values 40 
which the TFCI may take), in Step S207, as described 
above. 

[01 05] Then , Sep S206 and Step 207 are followed by 
Step S208, In which it is determined whether all of the 
data have been already received or not. If all of the data 4S 
have been already received, this processing routine is 
finished. If all of the data have not yet been received, 
the process returns to Step S202 where data in the next 
frame is decoded. 

[0106] When data in the next frame is decoded, the 50 
TFCI candidates which have been limited as described 
above are used in Step S203 for the decoding of the 
data, thereby reducing the number of the de-masking 
processing and the fast Hadamard transformation 
processing as compared with that in the standard de- 5s 
coding process and thus enabling the high-speed de- 
coding, as described above. 

[0107] It is noted that the exemplary processing 



shown in Fig. 6 and Rg. 7 of the preferred embodiments 
of the present invention intends to reduce the number 
of the de-masking processing and the fast Hadamard 
transformation processing as compared with that of the 
standard decoding process, thereby providing a more 
high-speed TFCI decoding processing. Thus, the exem- 
plary processing shown in Figs. 6 and 7 perform the 
high-speed decoding processing to the TFCI when the 
TFCI value is 7 bits or more. 

[0108] In addition to the reduction of the number of 
the de-masking processing and the fast Hadamard 
transformation processing, the present invention also 
limits the TFCI candidates to reduce the number of com- 
putations in the fast Hadamard transformation process- 
ing, as described above. Thus, the present invention al- 
lows the high-speed decoding processing of the TFCI 
even when the TFCI value is 7 bits or less. When the 
high-speed decoding processing of the TFCI is per- 
formed for the TFCI having a value of 7 bits or less, Step 
SI 03 of Fig. 6 can be omitted. 

[0109] In the exemplary mappings shown in Fig. 1, 
Fig. 2 and Fig. 3, for longer Transmission Time Inten/als 
(TTI) a piece of information has, the number of types of 
TF values thereof is reduced. However, the preferred 
embodiments of the present invention are also applica- 
ble to a case where the longer Transmission Time Inter- 
val (TTI)a piece of information has, the number of types 
of TF values thereof is increased, as shown in a case 
shown in Fig. 8A and Fig. 8B which will be described 
below, for instance. 

[0110] As shown in the example of preferred embod- 
iment of Fig. 8(A), the information 1 has the TTI of 10 
msec and the information 2 has the TTI of 20 msec, as 
with the case of Fig. 1 . However, a mapping table in the 
case of Fig. 8(A) which shows the correspondence be- 
tween TF values TF1 and TF2 of the information 1 and 
the information 2 and TFCI values is the one as shown 
in Fig. 8(B) where TF1 may take any value In the range 
of "0" to "3" and TF2 may take any value in the range of 
"0" to "63". 

[0111] In this case, when the frame number of "0" cor- 
responds to the TFCI value of "5" for instance,TF2 
(TTI=20 msec) is "1". As a result, the TFCI candidates 
for the next frame are "4", "5", "S". and V", thereby lim- 
iting the range of TFCI values. 

[0112] Although the above description of the exam- 
ples of preferred embodiments of the present invention 
are illustrated a determination method in a case where 
two pieces of information are multiplexed, various other 
determination methods may be considered in a case 
where three or more pieces of information are multi- 
plexed and a plurality of pieces of information are termi- 
nated. The above methods include a method where 
even one single error leads to the initialization of the TF- 
CI candidates, a method where errors in all of the pieces 
of information lead to the initialization of the TFCI can- 
didates, a method where error-including information of 
50% or more leads to the initialization of the TFCI can- 
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didates, a method where no initialization of the TFCI 
candidates is performed regardless of the existence of 
an error, or a method where the initialization of the TFCI 
candidates is always performed regardless of the exist- 
ence of an error. 5 
[0113] In the above-described preferred embodi- 
ments, the mobile phone terminal which is the mobile 
station apparatus is illustrated as the receiving side. 
However, the present invention is also applicable to a 
case where TFCI decoding is performed for the base io 
station apparatus. 

Although the present invention having been de- 
scribed hereinabove in its preferred form with a certain 
degree of particularity, other changes, variations, com- 
binations and sub-combinations are possible therein. It is 
is therefore to be understood that any modifications may 
be practiced otherwise than as specifically described 
herein without departing from the scope 

of the present invention. 

[0114] In so far as the embodiments of the invention 20 
described above are implemented, at least in part, using 
software-controlled data processing apparatus, it will be 
appreciated that a computer program providing such 
software control and a transmission, storage or other 
medium by which such a computer program is provided 25 
are envisaged as aspects of the present invention. 

Claims 

30 

1. A method of multiplexing information for mobile 
communications in which a plurality of pieces of in- 
formation are multiplexed into a same radio frame 
and multiplex-transported over a radio circuit, said 
plurality of pieces of information having each Trans- 35 
mission Time Intervals selected from a plurality of 
types and said Transmission Time Intervals being 

the shortest time lengths during which data may be 
decoded, wherein a Transport Format Combination 
Indicator indicating a combination of number of data 40 
within said Transmission Time Interval of each of 
said plurality of pieces of information is Inserted into 
each radio frame and transported, the method com- 
prising: 

45 

selecting and transporting said Transport For- 
mat Combination Indicator such that a high-or- 
der bit of said transport Format Combination In- 
dicator can be changed when there is change 
in the number of data within said Transmission so 
Time Interval with respect to information having 
a longest Transmission Time Interval. 

2. The method of multiplexing information for mobile 
communications according to claim 1 , wherein ss 

said Transport Format Combination Indicator 
is encoded by using a coefficient including a mask 
code and is inserted into each radio frame, and 



when a value taken by said Transport Format 
Combination Indicator corresponds to a value rep- 
resented by including a bit corresponding to a por- 
tion of said mask code and when the number of data 
within said Transmission Time Interval with respect 
to information having a longest Transmission Time 
Interval is determined, said Transport Format Com- 
bination Indicator is selected and transported such 
that a bit corresponding to the part of said mask 
code of said Transport Format Combination Indica- 
tor is determined. 

3. The method of multiplexing information for mobile 
communications according to claim 1 , wherein, pri- 
or to the transport of said plurality of pieces of infor- 
mation, information indicating a relation between 
said Transmission Time Interval of said plurality of 
pieces of information, said Transport Format Com- 
bination Indicator and the number of data within 
said Transmission Time Interval with regard to said 
plurality of pieces of Information is transported 
through a control channel. 

4. A method of decoding a Transport Format combi- 
nation Indicator In mobile communications in which 
a plurality of pieces of information are multiplexed 
into a same radio frame and multiplex-transported 
over a radio circuit, said plurality of pieces of infor- 
mation having each Transmission Time Intervals 
selected from a plurality of types and said Trans- 
mission Time Intervals being the shortest time 
lengths during which data may be decoded, while a 
Transport Format Combination Indicator indicating 
a combination of number of data within said Trans- 
mission Time Interval of each of said plurality of 
pieces of information is inserted into each radio 
frame and transported, the method comprising: 

a control information reception step for receiv- 
ing control information indicating a relation be- 
tween said Transmission Time Interval of each 
of said plurality of pieces of information, said 
Transport Format Combination Indicator and 
the number of data within said Transmission 
Time Interval with regard to said plurality of 
pieces of information, wherein said Transmis- 
sion Time Interval is transmitted through a cir- 
cuit that differs from the circuit used for said plu- 
rality of pieces of information; 
a determination step for determining whether a 
high-order bit of said transport Format Combi- 
nation Indicator can be changed when there is 
change In the number of data within said Trans- 
mission Time Interval with respect to Informa- 
tion having a longest Transmission Time Inter- 
val, upon analyzing said control information re- 
ceived though said control information recep- 
tion step; 



21 



EP 1 335 506 A2 



22 



a standard decoding step for performing a nor- 
mal decoding method where said Transport 
Format Combination Indicator inserted into 
said radio frame Is independently decoded for 
each of said Transmission Time Intervals of 5 
said plurality of pieces of information, when 
said determination step results in a negative re- 
sult; and 

a high-speed decoding step for decoding said 
Transport Format Combination Indicator, upon io 
restricting candidates for a next of said Trans- 
port Format Combination Indictor to be decod- 
ed, selected from the number of data within said 
Transmission Time Interval of information hav- 
ing the longest among Transmission Time In- 15 
tervals which are determined upon a latest de- 
coding of said Transport Format Combination 
Indicator, when said determination step results 
in a positive result. 

20 

The method of decoding a Transport Format Com- 
bination Indicator according to claim 4, wherein 

said Transport Format Combination Indicator 
is encoded by using a coefficient including a mask 
code and is inserted into each radio frame; 25 

said determination step determines whether 
a high-order bit of said transport Format Combina- 
tion Indicator can be changed when there is change 
in the number of data within said Transmission Time 
Interval with respect to Information having a longest 3o 
Transmission Time Interval; 

both said standard decoding step and said 
high-speed decoding step include a de-masking 
step and a fast Hadamard transformation step; and 

said high-speed decoding step has less 35 
number of computations in said fast Hadamard 
transformation step as compared with a number of 
computations in said standard decoding step. 

The method of decoding a Transport Format Com- 40 
bination Indicator according to claim 4, wherein 

said Transport Format Combination Indicator 
is encoded using a coefficient Including a mask 
code and is inserted into each radio frame; 

said determination step determines whether 45 
a high-order bit of said transport Format Combina- 
tion Indicator can be changed when there is change 
in the number of data within said Transmission Time 
Interval with respect to information having a longest 
Transmission Time Interval only when said control so 
information is analyzed and a value which said 
Transport Format Combination Indicator may take 
comprises a value represented as including a bit 
corresponding to a portion of said mask code; 

both said standard decoding step and said 55 
high-speed decoding step include a de-maskIng 
step and a fast Hadamard transformation step; and 

said high-speed decoding step has less 



number of computations in said fast Hadamard 
transformation step as compared with a number of 
computations in said standard decoding step. 

7. The method of decoding a Transport Format Com- 
bination Indicator according to claim 4, wherein 

said Transmission Time Interval is deter- 
mined when there is no error in the data obtained 
as a result of data decoding of each of said piece 
of Information, upon using the number of data within 
said Transmission Time Interval with regard to each 
piece of information acquired as a result of decod- 
ing of said Transport Format Combination Indicator 
as the number of data within said Transmission 
Time Interval regarding information having a long- 
est of said Transmission Time Interval. 

8. An apparatus for decoding a Transport Format com- 
bination Indicator in mobile communications in 
which a plurality of pieces of information are multi- 
plexed into a same radio frame and multiplex-trans- 
ported over aradio circuit, said plurality of pieces of 
information having each Transmission Time Inter- 
vals selected from a plurality of types and said 
Transmission Time Intervals being the shortest time 
lengths during which data may be decoded, while a 
Transport Format Combination Indicator indicating 
a combination of number of data within said Trans- 
mission Time Interval of each of said plurality of 
pieces of information is inserted into each radio 
frame and transported, the apparatus comprising: 

a control information reception means for re- 
ceiving control information indicating a relation 
between said Transmission Time Interval of 
each of said plurality of pieces of information, 
said Transport Format Combination Indicator 
and the number of data within said Transmis- 
sion Time Interval with regard to said plurality 
of pieces of information, wherein said Trans- 
mission Time Inten^al is transmitted through a 
circuit that differs from the circuit used for said 
plurality of pieces of information; 
a determination means for determining whether 
a high-order bit of said transport Format Com- 
bination Indicator can be changed when there 
is change in the number of data within said 
Transmission Time Interval with respect to in- 
formation having a longest Transmission Time 
Interval, upon analyzing said control Informa- 
tion received though said control information 
reception means; 

a standard decoding means for performing a 
normal decoding apparatus where said Trans- 
port Format Combination Indicator inserted into 
said radio frame is independently decoded for 
each of said Transmission Time Intervals of 
said plurality of pieces of information, when 
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said determination means results in a negative 
result; and 

a high-speed decoding means for decoding 
said Transport Format Combination Indicator, 
upon restricting candidates for a next of said 5 
Transport Format Combination Indictor to be 
decoded, selected from the number of data 
within said Transmission Time Interval of infor- 
mation having the longest among Transmission 
Time Intervals which are determined upon a lat- io 
est decoding of said Transport Format Combi- 
nation Indicator, when said determination 
means results in a positive result. 

An apparatus for decoding a Transport Format 
Combination Indicator, in a mobile communications 
performed such that a plurality of pieces of informa- 
tion are multiplexed into a same radio frame to 
transport the multiplexed plurality of pieces of infor- 
mation through a radio circuit, wherein a Transport 20 
Format Combination Indicator indicating a combi- 
nation of the number of data within Transmission 
Time Interval for each of the plurality of pieces of 
information is inserted into each radio frame and is 
transport, and wherein for the plurality of pieces of 2S 
information, the Transmission Time Intervals which 
are the shortest time lengths during which data may 
be decoded are selected from a plurality of prede- 
termined combinations of Transmission Time Inter- 
val, said apparatus comprising: so 

a control information reception means for re- 
ceiving control information indicating a relation 
among said Transmission Time Interval for 
each of said plurality of pieces of information, 35 
said Transport Format Combination Indicator 
and the number of data within said Transmis- 
sion Time Interval with regard to said plurality 
of pieces of information, wherein said Trans- 
mission Time Interval is transmitted through a 40 
circuit different from the one used for the trans- 
mission of said plurality of pieces of informa- 
tion; 

a determination means for analyzing said con- 
trol information received by said control infer- -^5 
mation reception means to determine whether 
a change in the number of data within said 
Transmission Time Interval of information for 
which said Transmission Time Interval is longer 
corresponds to a change in high-order bits of so 
said Transport Format Combination Indicator; 
a standard decoding means for performing a 
normal decoding method where, when said de- 
termination means provides a negative deter- 
mined result, said Transport Format Combina- 55 
tion Indicator inserted into said radio frame is 
independently decoded for each of said Trans- 
mission Time Intervals of said plurality of pieces 



of information; and 

a high-speed decoding means where, when 
said determination means provides a positive 
determination result, the number of data within 
said Transmission Time Interval of information 
having longer Transmission Time Interval 
which is determined by the latest decoding of 
said Transport Format Combination Indicator is 
used as a base for limiting a candidate of said 
Transport Format Combination Indicator to be 
decoded next, thereby decoding said Transport 
Format Combination Indicator. 

9. The apparatus for decoding a Transport Format 
Combination Indicator according to claim 8, where- 
in 

said Transport Format Combination Indicator 
is encoded by using a coefficient including a mask 
code and is inserted into each radio frame; 

said determination means determines wheth- 
er a high-order bit of said transport Format Combi- 
nation Indicator can be changed when there is 
change in the number of data within said Transmis- 
sion Time Interval with respect to information having 
a longest Transmission Time Interval; 

both said standard decoding means and said 
high-speed decoding means Include a de-masking 
means and a fast Hadamard transformation means; 
and 

said high-speed decoding means has less 
number of computations in said fast Hadamard 
transformation means as compared with a number 
of computations in said standard decoding means. 

10. The apparatus for decoding a Transport Format 
Combination Indicator according to claim 8, where- 
in 

said Transport Format Combination Indicator 
is encoded using a coefficient including a mask 
code and is inserted into each radio frame; 

said determination means determines wheth- 
er a high-order bit of said transport Format Combi- 
nation Indicator can be changed when there is 
change in the number of data within said Transmis- 
sion Time Interval with respect to information having 
a longest Transmission Time Interval only when 
said control information is analyzed and a value 
which said Transport Format Combination Indicator 
may take comprises a value represented as includ- 
ing a bit corresponding to a portion of said mask 
code; 

both said standard decoding means and said 
high-speed decoding means include a de-masking 
means and a fast Hadamard transformation means; 
and 

said high-speed decoding means has less 
number of computations in said fast Hadamard 
transformation means as compared with a number 
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of computations in said standard decoding means. 

11. The apparatus for decoding a Transport Format 
Combination Indicator according to claim 8, wliere- 

in 5 

said Transmission Time Interval is deter- 
mined when there is no error in the data obtained 
as a result of data decoding of each of said piece 
of information, upon using the number of data within 
said Transmission Time Interval with regard to each io 
piece of information acquired as a result of decod- 
ing of said Transport Format Combination Indicator 
as the number of data within said Transmission 
Time Interval regarding information having a long- 
est of said Transmission Time Interval. is 

12. A mobile station apparatus including the apparatus 
for decoding the Transport Format Combination In- 
dicator according to any of claims 8 to 11 . 

20 

13. A base station apparatus including the apparatus 
for decoding the Transport Format Combination In- 
dicator according to any of claims 8 to 11 . 

14. A mobile communications system comprising the 25 
mobile station apparatus according to claim 12. 

15. A mobile communications system comprising the 
base station apparatus according to claim 13. 

30 
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